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M ost m odern m ethods for setting the yellow interval at traffic signals 
start w ith the presum ption  tha t the yellow should be long enough so that 
a reasonable d river is never placed in a position of neither being able 
to en ter on yellow no r stop before en tering  the intersection. If  the yellow 
is too short, a d ilem m a zone [1] is created w herein a reasonable driver 
occasionally m ust e ither en ter on red or stop beyond the stop line. T he  
m ethods then go on to use a definition for a reasonable driver tha t is 
sim ilar to the one in the IT E  H andbook, [2] which uses reasonable 
lim iting  values of one second for the reaction  tim e and 10 (or 15) ft/sec2 
for the deceleration rate. These values are assum ed to be constant over 
all speeds. A kinem atic model of vehicle behavior is then used to predict 
the m in im um  yellow time necessary to avoid a d ilem m a zone. Difference 
betw een procedures then center around  the exact values that are a p ­
p ropria te  for a reasonable driver.
T he concept tha t a d ilem m a zone exists and tha t the avoidance of 
one should be used as a basis for setting the m inim um  length of the yellow 
interval is probably  valid. It could be that a longer clearance interval 
is needed for safety, bu t then the usual procedure is to provide the excess 
tim e as an  all-red interval. T his paper concentrates on the m ann er in 
which a reasonable driver is defined and  the dilem m a zone determ ined . 
Its m ain  departu re  is with the assum ption tha t d river reaction tim e and 
declaration rate are constant over all speeds. It appears tha t existing data  
do not necessarily support the idea that reaction  tim es and  deceleration  
rates are constant over all speeds for a consistently defined reasonable 
driver.
T he first problem  is in defining ju s t w hat is a reasonable driver. 
W hen setting speed limits, for example, the 85th percentile speed is usually 
used. [2] This im plies tha t 15% of drivers are unreasonable. R esear­
chers w orking in green extension of ru ra l signals [3] usually define the 
“ d ilem m a zone”  in term s of the 10th and  90th percentile drivers on 
a stopping probability  curve. This im plies that 10% of drivers are 
unreasonable and  will not stop if the light tu rns  yellow at a point w here 
the o ther 90% of drivers w ould stop. For the purpose of setting yellow
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intervals, a sim ilarly high percentile d river should probably  be used as 
the design driver.
O lson [1] was probably  the first to po in t out the philosophy o f using 
stopping probability  curves to help decide on the length of the yellow. 
T he reasoning is this:
1. R easonable drivers should not be forced to en ter an  intersection on 
red because of a too short yellow,
2. A reasonable d river is defined by a certain  percentile behavior (85th 
or 90th, say),
3. T he behavior in question is the decision of w hether to stop or con­
tinue when the yellow light first comes on, and
4. T he behavior is a function of how m any  seconds the d riv e r’s vehicle 
is from  the stop line w hen the light tu rns  yellow.
T he yellow light should not be shorter than  the tim e corresponding  to 
the distance aw ay from  the intersection at which 90%  of drivers decide 
to stop and  10% decide to continue, otherw ise the 90th percentile d river 
will be forced to en ter on red.
T his tim e (call it to) can be found by inspecting stopping p robab ili­
ty curves an  exam ple of which is shown in Fig. 1. T hese curves show 
the percen t of drivers deciding to stop p lo tted  against the vehicle’s posi­
tion at the m om ent the light tu rns yellow. U sually one curve is plotted 
for each speed, although for a single intersection the plot could be for 
all vehicles approaching  the intersection. In  the la tte r case, the approach  
speed is usually given. For the purposes of setting the yellow interval, 
the plot should be of percentage stopping vs tim e to the stop line. T his 
plot, of course, can be derived from  the usual stopping probability  curve 
by converting  distances to tim es using the know n speeds. T he m in im um  
yellow interval can then be picked off the plot as the 90th percentile tim e, 
as shown in Fig. 1. Table 1 and Fig. 2 display the results of such a calcula­
tion on m any  published stopping probability  curves. Also shown are the 
yellow intervals given by the form ula in the IT E  H andbook with decelera­
tions of 10 and  15 ft/sec2.
Sadly, the da ta  are wildly inconsistent. D rivers in K entucky appear 
to have alm ost a constant TO while drivers in M inneso ta require tim es 
tha t increase w ith speed. A re drivers really this different from one loca­
tion to another? O r do the m easurem ent techniques account for the 
differences?
N otice that the slope of the line is related  to the acceleration assum -
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Figure 1. For this stopping probability curve, the m inim um  yellow  interval 
for the 90th percentile driver is 5 .3  seconds. Source: Ref. [4]
Table 1. Minimum Yellow Intervals for 90th Percentile Driver
Source
Speed (m ph)
10 15 20 25 30 35 40 45 50 55
Olson & R othery [1] — — — — 4. l a — 4.3 — 5.1 —
W illiams [2] 6.3 5.7 4.9 4.3
Parsonson [3] — — — — 4.0 4.1 4.3 4.5 4.8 5.0
H erm an [4] — — — — 4.0 4.2 4.4 4.8 5.0 —
M innesota [5] — — — — 3.2 3.5 3.7 3.9 4.1 4.6
Zegeer (Kentucky) [6] 5.0 4.8 4.9 4.8 4.8
Sheffi & M ahm assanib [7] 4.7 4.8 4.9 5.0 5.1
For com parison:
IT E  H andbook 1.7 2.1 2.5 2.8 3.2 3.6 3.9 4.3 4.7 5.0
Level grade, t = 1 sec, a = 10 ft/sec2
Level grade, t = 1 sec, a
1.5 1.7 2.0
= 15 ft/sec2
2.2 2.5 2.7 3.0 3.2 3.4 3.6
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Figure 2. A display of m inim um  yellow  intervals derived from several 
published stopping probability curves. For all, the m inim um  yellow  inter­
val is a function of the approach speed or the individual driver’s speed. 
The sources are as follows: Olson & Rothery, [1] (average for 2 intersec­
tions) W illiams, [5] Parsonson, [3] Herm an, [6] M innesota, [7] Zegeer (K en­
tucky), [8] Sheffi & M ahm assani [4] (from a probit m odel calibrated w ith  
Zegeer data), and the ITE H andbook [2] (level grade, t = 1 sec, a = 10 
and 15 ft/sec2). Note: No single study covered the whole speed range. All 
of these studies were done at intersections w ith straight, level approaches.
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ed and  the y in tercep t is the reaction tim e. If a sim ilar line w ere to be 
draw n  through  the K entucky data , for exam ple, the slope w ould give 
a deceleration  of abou t 35 ft/sec2 (m ore than  the acceleration of gravity!) 
and  a reaction tim e of about 4 sec. T hese are totally unrealistic results. 
T hey  suggest, in fact, tha t the k inem atic procedure is not supported  by 
observation . O n  the o ther hand , note tha t the M inneso ta d a ta  w ould 
give qu ite reasonable values for deceleration and  reaction tim e.
U nfortunately, no firm conclusion can be drawn. T he questions asked 
above are still unansw ered . P erhaps, how ever, the situation  is not bleak. 
In  review ing T ab le  1 and  Fig. 2, it appears tha t the m axim um  To found 
for slow approach  speeds (20-30 m ph) is about four sec, while for fast 
approach  speeds it is about Five sec. In  the in terim , these tim es m ight 
be used until the questions about the stopping probability  curves are 
resolved.
O f help m ight be the d a ta  that have been collected to try  to find 
values of constant reaction tim es and deceleration rates. O ften, these 
studies only include data  for vehicles tha t stop, since deceleration rates 
canno t be m easured  for vehicles tha t do not stop. N evertheless, stopping 
probability  curves cannot be found w ithout observing vehicles tha t do 
not stop. Fortunately , a study now being conducted for the FH W A  by 
the T exas T ran sp o rta tion  In stitu te  will involve observation of both  
vehicles tha t do and  do not stop. U sing the original observations from  
this and  o ther studies, stopping probability  curves can be constructed , 
and  deductions can be m ade about t q .
N ote that the m ethodology outlined in this paper could be used to 
get around the problem  of assum ing a constant reaction tim e and decelera­
tion rate , and the consequent problem s in separating  them  out. Instead , 
d river behavior is investigated directly. W hat is lost is a simple kinem atic 
m odel o f vehicle m otion. T he da ta , how ever, do not necessarily support 
a sim ple k inem atic m odel. Instead , m ost of the d a ta  seem to support 
the idea tha t drivers around  the 90th percentile tend  to base the ir deci­
sion on w hether to stop on the ir tim e to the intersection, not on w hether 
they can stop at a particu lar decleration rate . If one thinks about this, 
tim e, ra th e r  th a n  d ece le ra tio n , seem s m ore reasonab le  from  a 
psychological view point anyw ay.
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